Background: Bone metastasis (BM) is a frequent complication in patients with advanced lung cancer and it causes skeletal-related events (SREs). Our study aim is to prospectively investigate the incidence of BM, incidence and types of SRE, and predictive factors of BM and SREs. Methods: Newly diagnosed, advanced non-small-cell lung cancer (NSCLC) or small-cell lung cancer (SCLC) patients were enrolled into the study. Patients were followed up every 4 weeks to monitor the development of SREs. Treatment for lung cancer was performed at the discretion of the investigator. The incidence of BM at initial diagnosis was 48% in stage IV NSCLC and 40% in extensive stage (ED)-SCLC. Forty-five percent of patients who developed BM had SREs consisting of pathologic fracture (4.7%), radiation to bone (15.3%), spinal cord compression (1.1%), and hypercalcemia (2.2%). Multivariate analysis revealed that factors predicting BM are stage IV, performance status 1 or greater and higher bone alkaline phosphatase in NSCLC patients, higher lactate dehydrogenase, and lower parathyroid hormone-related peptide in SCLC patients. Factors predicting SREs were stage IV, age 64 or younger, and lower albumin in NSCLC patients. Multivariate analysis of SRE was not performed for SCLC because of the small number of events. Conclusion: Predictive factors should be taken into consideration in future randomized studies evaluating BM and SREs.
A lthough the overall incidence of bone metastasis (BM) is unknown, BMs are a frequent complication in patients with advanced cancer. The most common human cancers such as breast, prostate, and lung have a great avidity for bone, leading to painful skeletal symptoms. How long patients live with a tumor is likely to influence whether BMs will occur. For example, in patients who quickly die of cancer because of an aggressively growing primary tumor, BMs will be relatively uncommon, simply because they have not adequate time to develop. This in no way implies that the tumor cells lacked the potential to grow in bone. 1, 2 In the case of advanced nonsmall-cell lung cancer (NSCLC), the median survival time (MST) has increased from 8 to 12 months to 15 to 17 months, during the past 10 years. [3] [4] [5] [6] Furthermore, when stage IIIB or stage IV NSCLC patients harboring a sensitive epidermal growth factor receptor (EGFR) gene mutation were treated with gefitinib, MST lengthened to 21.6 to 38.8 months. [7] [8] [9] On the other hand, for patients in limited stage (LD) small-cell lung cancer (SCLC), the MST is approximately 2 years. 10, 11 For patients with extensive stage (ED) SCLC, survival is much more limited, ranging from 9.3 to 12.8 months.
it is important for investigators to treat patients with BM with an appropriate treatment, as early as possible. To our knowledge, there have been no prospective studies investigating the incidence and predictive factors of BM and SREs in patients with advanced lung cancer. Accordingly, it is worthwhile to investigate how therapeutic interventions such as chemotherapy, radiotherapy, and bisphosphonate could affect the clinical course of lung cancer patients with BM and the development of SREs. The aim of this study is to prospectively investigate: (1) the incidence of BM at initial diagnosis in patients with SCLC and stage IV NSCLC, (2) the time interval for the development in BM in patients with SCLC and stage IIIB NSCLC who have no BM at initial diagnosis, (3) the time interval for the development of SRE from BM, and (4) the predictive factors of BM and SRE.
MATERIALS AND METHODS

Study Design
This study is a prospective multicenter cohort study. Adult patients (at least 20 years of age) with newly diagnosed SCLC in all stages and NSCLC in stage IIIB or stage IV were eligible.
All patients were required to have received no prior chemotherapy or bisphosphonate therapy, and were allowed to undergo palliative surgical or radiation treatment for skeletal complications before registration. Once patients were enrolled into the study, treatment for lung cancer and the use of zoledronate were at the discretion of the investigator. Zoledronate was administered only after the development of BMs. No patients received denosumab during the study period, because it had not been approved by the Japanese government. The study was approved by the institutional review boards of the respective institutions and was conducted in compliance with international guidelines regulating patient safety. All patients provided written informed consent. QOL assessment and other therapeutic factors affecting BM and SREs will be reported, separately. Table 1 shows the study schedule. Before patient enrollment, a complete physical examination was performed and a medical history was taken, which included history of SREs, antineoplastic history, and Eastern Cooperative Oncology Group performance status (PS). Blood chemistry and bone turnover markers (parathyroid hormone-related peptide [PTHrP] , bone alkaline phosphatase [BALP], and urine cross-linked N-telopeptide of type I collagen [NTx]) were obtained. Tumor assessment was undertaken using chest and abdominal computed tomography (CT), radionuclide bone scan, or integrated positron emission tomography (PET)-CT. Magnetic resonance imaging or enhanced CT of the brain was performed when patients were symptomatic. Bone survey was performed before enrollment, with thoracic and lumbar spine radiograph, pelvic radiograph, and bone scan or integrated PET-CT. When BM was suspected only with bone scan or PET-CT, its confirmation with bone magnetic resonance imaging, CT scan, or normal radiograph was mandatory.
Staging of Lung Cancer and Subsequent Follow-Up Schedule
After enrollment, tumor assessment, Eastern Cooperative Oncology Group PS, and SREs were assessed every 4 weeks. Bisphosphonate use, pain, and analgesic scores were recorded at each visit, every 4 weeks. Blood chemistry was measured at each visit, every 4 weeks. Bone scan or integrated PET-CT and skeletal survey were assessed every 6 months. After 12 months of follow-up, the above-mentioned assessments were repeated every 3 months. Patients were closely monitored for 24 months after enrollment into the study. 
Bone marker (blood and urine) o SRE was defined as pathologic fracture, spinal cord compression, radiation or surgery to bone, or HCM. Fractures were identified by two expert radiologists at each institution. Spinal cord compression reported by investigators was confirmed by a neurologist and an orthopedic surgeon at each institution. Radiation to bone was given to control pain, treat or prevent pathologic fractures, or treat or prevent spinal cord compression. Surgery to bone included procedures to prevent imminent fractures or spinal cord compression or to set/stabilize fractures. Hypercalcemia was defined as a serum calcium concentration of greater than 11 mg/dl.
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Statistical Analyses
The incidence provability rate was estimated for the time to the first occurrence of BM from diagnosis of lung cancer, and the time to the first occurrence of SREs from the diagnosis of lung cancer or from the first occurrence of BM, using the Kaplan-Meier method. Predictive factors for BMs and SREs were explored with Cox proportional hazard regression model for the following: Tumor type (stage IIIB NSCLC, stage IV NSCLC, LD-SCLC, and ED-SCLC), sex, age (65 or older/64 or younger), PS (PS1 or greater/PS0), and bone markers (lactate dehydrogenase [LDH], albumin, calcium, PTHrP, BALP, and urine NTx). The results were checked for consistency by conducting both a univariate Cox regression model, in which each factor was individually tested as an explanatory variable, and a multivariate Cox regression model, in which all variables were entered simultaneously into the model. To investigate whether the use of a chemotherapeutic agent and bisphosphonate inhibits the occurrence of SREs, Cox regression analysis was performed using these factors as time-dependent covariates. All analyses used the SAS statistical software package (version 9.1.3; SAS Institute, Cary NC).
The main purpose of this study is to survey lung cancer patients regarding the timing of elapsed events from onset to BM, to SRE, and is not intended as a comparison of treatment methods. Accordingly, the target number of cases was not designed for intergroup comparison, but to describe the time distribution until BM, search for predictors which affect metastasis to bone, describe what kind of SREs occur, and examine the effects on QOL, etc. The target number of cases was set at 50, as a number of cases for which descriptive statistics of some accuracy can be calculated, even for patients with stage IIIB NSCLC, which is anticipated to have comparatively small enrollment, for a total of approximately 400 cases from the percentage of each cancer type.
RESULTS
Patients
A total of 274 patients with lung cancer were enrolled in the study, between April 2008 and December 2009, from 12 institutions in Japan. Patient demographics and baseline characteristics are shown in Table 2 . One hundred ninety-seven patients had NSCLC (stage IIIB, 73; stage IV, 124), and 77 patients had SCLC (LD, 30; ED, 47). The majority of patients were male (70.4%) and the median age was 68 years (range, 35-89). Ninety percent of patients had good PS (PS = 0, 27.7%; PS = 1, 62.4%). The number of patients with BM at initial diagnosis was 59 (47.6%) in stage IV NSCLC and 19 (40.4%) in ED-SCLC. Twenty patients of stage IV NSCLC (16.1%) and four patients in ED-SCLC (8.5%) already had SRE at the time of enrollment. The majority of patients (92.3%) were being treated with chemotherapy. The number of patients who received zoledronate was eight in stage IIIB NSCLC, 49 in stage IV NSCLC, two in LD-SCLC, and four in ED-SCLC after the development of BM during the study period. EGFR gene mutations were analyzed only in 92 (46.7%) of 197 NSCLC patients because it was not routinely tested during this period. Among these, 38 patients (19.3%) had EGFR gene mutations and 30 patients (15.2%) had active mutations (L858R or exon 19 deletion). Nine of 30 patients were treated with EGFR tyrosine kinase inhibitor (TKI) during the first regimen, 19 during the second regimen, and two during the third regimen. Eighteen patients (9.2%) were not treated with chemotherapy at all. One hundred fifty-two patients (77.2%) were treated with some kind of chemotherapy within 30 days of enrollment. The other patients (13.6%) were treated with chemotherapy after 31 days of enrollment.
During the treatment of SCLC, three patients (3.9%) were not treated with any kind of chemotherapy, 68 (88.3%) patients were treated with some kind of chemotherapy within 30 days of enrollment, whereas six patients (7.8%) were treated with chemotherapy after 31 days of enrollment. The number of patients with platinum plus CPT-11 and platinum and etoposide in the first regimen were 19 (24.7%) and 40 (51.9%), respectively. The median follow-up duration was 13.8 months (range, 0-28.5 months).
Time Interval of Development of BM and SREs
The incidence of BM and SREs at enrollment and during follow-up is presented in Figure 1 and Table 3 . Among 274 lung cancer patients, BM was detected in 78 patients (28.5%) at enrollment and in another 34 patients (12.4%) during follow-up. SREs were reported in 24 patients (8.8%) at the time of enrollment and in another 26 patients (9.5%) during follow-up. Total number of patients who developed SREs was 52 (19.0%). The type of SRE was pathologic fracture in 14 (5.1%), radiation to bone in 45 (16.4%), spinal cord compression in three (1.1%), and HCM in six (2.2%). The median time to BM from diagnosis of lung cancer and to SRE from BM was 19.0 months (95% confidence interval [CI], 10.7 to not reached) and 9.5 months (95% CI, 5.1-16.9), respectively ( Fig. 2A and C) . However, the median time to SRE from diagnosis of lung cancer was not reached (Fig. 2B ).
Predictive Factors of BM and SREs
We performed subgroup analysis by separating NSCLC and SCLC because their biological characteristics and clinical behavior differ. To identify the predictive factors of BM and SREs, Cox proportional hazard regression analysis was performed using stage (stage IIIB and stage IV in case of NSCLC, and ED and LD in case of SCLC), sex, age, PS, LDH, albumin, calcium, PTHrP, BALP, NTx, and treatment (chemotherapy and EGFR-TKI in case of NSCLC, chemotherapy and first-line platinum + etoposide or first-line platinum and CPT in case of SCLC) ( Table 4 (Table 5) . As for SCLC patients, multivariate analysis was not performed because of the small number of SRE events (only 9 events).
DISCUSSION
According to several studies published before 1991, the incidence of BM in NSCLC, as detected by bone scans, is between 8% and 34%, with a mean of 20%. 17 More recent reviews have reported incidences of 24% and 30% in American and Japanese patient populations, respectively. 18, 19 Moreover, in retrospectively analyzed studies, the incidence of BM in patients with stage IV NSCLC was 41% to 54.8%. 19, 20 Our prospective study demonstrated that the incidence of BM in stage IV NSCLC and ED-SCLC was 46.7% and 40.4%, respectively. As newer imaging modalities such as PET and bone scan have been developed, the incidence of BM may have increased. 21, 22 However, it has been reported that the accuracies of PET and bone scan are 94% and 85% (p < 0.05), the sensitivity values were 91% and 75%, and the specificity values were 96% and 95%, respectively. 22 The frequency of SREs among 274 patients in the current prospective study was in the order of frequency, radiation to bone (15.7%), pathologic fracture (4.7%), HCM (2.2%), and spinal cord compression (1.1%). Because spinal cord compression is considered an oncologic emergency, it requires urgent evaluation and treatment with corticosteroids and either radiotherapy or surgical decompression. Fortunately, we were able to reduce the incidence of spinal cord compression, as much as possible, because of close monitoring and appropriate treatment. A prospective study of 250 patients with a variety of solid tumors (120 of whom had NSCLC) complicated with BM found that the incidence of SRE was radiation to bone in 32%, pathologic fracture in 21%, surgery to bone in 4%, spinal cord compression in 4%, and HCM in 3% when patients were not treated prophylactically with zoledronate. 15 In a retrospective review of Japanese patients with NSCLC, among 135 stage IV patients, the most common SREs were the need for radiotherapy in 34.3% and hypercalcemia in 20%. 19 Another retrospective study of 196 NSCLC patients with BM revealed that 47 of 110 patients without initial SRE eventually experienced their first SREs while receiving chemotherapy, whereas the accompanying type of SRE was radiotherapy in 39, pathologic fracture in 11, surgery to bone in six, and spinal cord compression in four patients. 23 The median time to BM from diagnosis of lung cancer and to SREs from BM in our study was 19.0 and 9.5 months, respectively. To our knowledge, there seems to be no single prospective study which reports the interval to BM from diagnosis of stage IIIB NSCLC or LD-SCLC. Our result may be useful in future trials to prevent BM from lung cancer with bisphosphonate or denosumab, regarding the initiation of treatment. The median interval to SRE from BM was 9.5 months, compared with 171 days for NSCLC patients treated with 4 mg of zoledronate. 15 In a randomized phase III study comparing zoledronate with denosumab in the treatment of BMs in patients with advanced cancer (excluding breast and prostate cancer) or multiple myeloma, the median time to first on-study SRE was 20.6 months for denosumab and 16.3 months for zoledronate. The effect of denosumab on time to first on-study SRE relative to zoledronate by tumor stratification factors resulted in an HR of 0.84 for NSCLC (95% CI, 0.64 to 1.10; p = 0.20). 16 However, a direct comparison is not possible, as all of the patients in our study were not treated with zoledronate or denosumab, and were also treated with various types of anticancer drugs, including EGFR-TKIs, which were quite effective in EGFR mutation-positive patients. 8, 9 We evaluated the predictive factors of BM via multiple regression analysis separately in patients with SCLC and patients with NSCLC, because their biologic characteristics and clinical behavior differ. In case of NSCLC, stage IV (HR = 7.62; p < 0.001), PS 1 or greater at enrollment (HR = 1.82; p = 0.046), and high serum BALP at baseline (HR =10.36; p = 0.002) were found to be positive predictive factors. Two factors, excluding BALP, represent the tumor burden at the time of diagnosis of lung cancer. Therefore, the chance of developing BM increases with tumor progression. BALP has been investigated as a bone formation marker, but their association with clinical characteristics seems to vary depending on the tumor type, the nature of the BMs, and the effects of treatment. BALP measured in our study may represent active bone turnover as a result of subclinical metastasis to bone. Unexpectedly, EGFR-TKI treatment was not a negative predictive marker of BM. This may be related to the small number of active EGFR mutations (30 patients, 15.2%) and the fact that that most patients were treated with EGFR-TKI as a secondor third-line regimen (21 patients, 70%) instead of a first-line regimen. In SCLC, ED at enrollment (HR = 6.11; p = 0.006), higher serum LDH at baseline (HR = 9.14; p = 0.016), and higher serum PTHrP at baseline (HR = 0.38; p = 0.048) were found to be predictive factors. The former two factors represent the tumor burden at the time of diagnosis of lung cancer as in NSCLC while increasing the chance to develop BM. The reason why the higher serum PTHrP at baseline was a negative predictive factor of BM was not clear, but it may be acting as a nonfunctioning tumor marker. A first-line regimen with platinum + CPT-11 or platinum + etoposide tended to be a negative predictive factor of BM (HR = 0.44; p = 0.165) but did not reach a significant level, probably because of the small sample size.
Another multiple regression analysis evaluating the predictive factors of SREs from initial documentation of BM demonstrated that stage IV NSCLC (HR = 5.58; p < 0.001) and zoledronate use after BM were positive factors, whereas age 65 or older (HR = 0.50; p = 0.038) was a negative predictive factor for SRE in NSCLC. Multiple regression analysis was not performed for SCLC, because the number of patients with SREs was only nine and all SREs occurred in ED-SCLC. The reason why an age of more than 65 years in NSCLC was a negative predictive factor for SREs is not clear in our study. This might be related to the physical activity of younger patients, as they enjoyed moving, without pain or limitation, and needed to receive radiation therapy more frequently than elder patients. Otherwise, older patients might have undergone single-agent chemotherapy for longer periods, or received molecular-targeted agents more often than younger patients. These factors need to be elucidated in a future trial. Surprisingly, zoledronate use after BM was a positive predictive factor of SREs. This may be because of the fact that zoledronate was used at the discretion of the investigators, and that they tended not to administer zoledronate at an early stage, but at a progressive stage of BM (bias due to the treatment by indication).
Serum albumin was a marginally significant negative predictive factor of SRE (HR = 0.59; p = 0.070) by multivariate analysis. High serum albumin reflects that patients have a good appetite, and can maintain good general condition, such as body weight. These two factors are also known as a good prognostic factor. [26] [27] [28] In contrast to other reports, NTx was not a predictive factor of SRE (p = 0.758) in our study. 29, 30 Brown et al. 29 reported a statistically significant correlation between N-telopeptide levels at baseline and a range of skeletal complications in 121 bisphosphonate-treated patients with breast or prostate cancer with BM. Their definition of SRE was radiotherapy to bone, hypercalcemia, spinal cord compression, pathological fracture, surgery to bone, hospital admissions for control of bone pain, and/or death due to metastatic bone disease. The total number of SREs was 111 in 121 patients during 6 months. In another report, which focused on metastatic NSCLC without zoledronate therapy, high NTx level at baseline was associated with an increased rate of first SRE, and this increased rate was maintained throughout the study period. Overall, there were a total of 110 SREs in 115 patients during 21 months. 30 However, there were only 50 SREs among 111 lung cancer patients with BM over a median follow-up duration of 13.8 months, and the number of SREs was relatively low in the current study, compared with these two reports. This may be the reason why NTx at baseline was not a predictive marker of SREs in our study.
CONCLUSIONS
The incidence of BM at initial diagnosis was 48% in patients with stage IV NSCLC and 40% in patients with ED-SCLC. Forty-six percent of the patients who developed BM had SREs at enrollment and during the follow-up period. Multivariate analysis revealed that the factors predicting BMs were stage IV, PS 1 or greater, higher serum BALP at baseline in case of NSCLC and ED, higher serum LDH at baseline, and higher serum PTHrP at baseline in case of SCLC, and that the factors predicting SRE in NSCLC were stage IV, age 64 or younger, and zoledronate use after BM. These factors should be taken into consideration in future randomized studies evaluating BM and SREs. NSCLC, non-small-cell lung cancer; HR, hazard ratio; CI, confidence interval; PS, performance status; LDH, lactate dehydrogenase; Alb, albumin; PTHrP, parathyroid hormone-related peptide; BALP, bone alkaline phosphatase; NTx, cross-linked N-telopeptide of type I collagen; EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; BCE, ; CRE, .
